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(§4)  AD  converting  device. 

@  In  an  AD  converting  device  in  which  an  analog  random  noise 
is  added  by  analog  adding  means  (12)  to  an  analog  signal  (X)  to 
be  converted  and  the  added  output  is  converted  by  an  AD 
converter  (15)  to  a  digital  signal,  an  analog  offset  voltage  (0), 
whose  level  variation  is  around  (1  to  7)  times  the  quantization  step 
size  A  of  the  AD  converter,  is  generated  by  offset  generating 
means  (21)  and  is  also  applied  to  the  analog  adding  means.  A 
random  noise  waveform  is  stored  in  a  memory  (13),  the  read-out 
output  of  which  is  converted  by  DA  converting  means  (14)  to  an 
analog  random  noise  having  an  amplitude  about  (1  12  to  6)  A  ,  and 
the  converted  output  is  used  as  the  above-said  random  noise.  A 
digital  value  of  the  offset  voltage  and  the  digital  noise  waveform 
are  subtracted  from  the  output  of  the  AD  converter,  as  required. 
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AD  (JUNVbHT  1NG  DEVICE 

BACKGROUND  OF  THE  INVENTION 
The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  AD  c o n v e r t i n g  

5  d e v i c e   which  is  employed  for  c o n v e r t i n g   an  audio   s i g n a l ,  
m u s i c a l   s i g n a l ,   image  s i g n a l ,   or  l i k e   ana log   s i g n a l   i n t o   a 
d i g i t a l   s i g n a l   which  may  be  s u b j e c t e d   to,  for  i n s t a n c e ,   an  
a n a l y s i s   in  the  f r e q u e n c y   domain  a n d / o r   time  d o m a i n .  

A  q u a n t i z a t i o n   e r r o r   is  i n c i d e n t a l   to  an  AD 
10  c o n v e r s i o n   because   an  AD  c o n v e r t e r   has  a  l i m i t e d   number  o f  

q u a n t i z a t i o n   s t e p s .   Many  a t t e m p t s   have  been  made  to  a v e r a g e  
m a l d i s t r i b u t e d   q u a n t i z a t i o n   e r r o r s   t h r o u g h   a p p l i c a t i o n   of  a  
d i t h e r   to  an  o r i g i n a l   ana log   s i g n a l   by  u s i n g   a  random  n o i s e ,  
as  se t   f o r t h   in,  for  example ,   B.  A.  B l e s s e r ,   " D i g i t i z a t i o n  

L5  of  Audio:  A  Comprehens ive   E x a m i n a t i o n   of  T h e o r y ,  
I m p l e m e n t a t i o n ,   and  C u r r e n t   P r a c t i c e " ,   J o u r n a l   of  A u d i o  
E n g i n n e r i n g   S o c i e t y ,   Oct.  1978,  Vol.  26,  No.  1 0 .  

Fig.   1  shows  a  p r i o r   a r t   example .   An  a n a l o g   s i g n a l  
X  for  c o n v e r s i o n   i n to   a  d i g i t a l   s i g n a l   is  a p p l i e d  

20  to  an  ana log   adder   12  from  an  i n p u t   t e r m i n a l   11.  A  r a n d o m  
p u l s e   g e n e r a t o r   13  is  p r o v i d e d ,   which  is  an  M-sequence   p u l s e  
g e n e r a t o r   c o m p r i s i n g   a  s h i f t   r e g i s t e r .   Random  p u l s e s  
g e n e r a t e d   in  d i g i t a l   form  by  the  random  p u l s e   g e n e r a t o r   13 
are  c o n v e r t e d   by  a  DA  c o n v e r t e r   14  i n t o   an  ana log   r a n d o m  

25  n o i s e   s i g n a l   N.  which  is  s u p p l i e d   to  the  ana log   adder   12 
for  a d d i t i o n   to  the  ana log   s i g n a l   X.  The  adder   o u t p u t   (X 
+  N)  is  p r o v i d e d   to  an  AD  c o n v e r t e r   15,  whereby  i t   i s  
c o n v e r t e d ,   at  i n t e r v a l s   of  a  f i x e d   p e r i o d   Ts,  i n t o   a 
d i g i t a l   s i g n a l   of  a  p r e d e t e r m i n e d   number  of  b i t s .  

50  The  c o n v e r t e d   o u t p u t   (X  +  N)^  (where  Q  i n d i c a t e s  
t h a t   the  o u t p u t   is  a  d i g i t a l   s i g n a l )   from  the  AD  c o n v e r t e r  
15  is  a p p l i e d ,   as  r e q u i r e d ,   to  a  d i g i t a l   s u b t r a c t o r   1 6 ,  
where in   a  random  noise   va lue   (N)^  s u p p l i e d   from  the  r andom 



pu l se   g e n e r a t o r   ia  is  a i g i i - a i i j   suu  n  a.x^...  >.i.~ 

c o n v e r t e d   o u t p u t   (X  +  N)Q,  p r o v i d i n g   an  o u t p u t   (X  +  N)  -  

(N)^  at  an  o u t p u t   t e r m i n a l   17 .  

In  the  c o n v e n t i o n a l   AD  c o n v e r t i n g   d e v i c e   of  t h e  

5  type  t h a t   s u p e r i m p o s e s   the  random  no i se   on  the  a n a l o g   s i g n a l  

to  be  c o n v e r t e d ,   i t   is  p o s s i b l e   to  d i s t r i b u t e   q u a n t i z a t i o n  

e r r o r s   u n i f o r m l y   over  the  q u a n t i z a t i o n   s t ep   s i z e   A  when  t h e  

a m p l i t u d e   of  the  random  n o i s e   N  is  s e l e c t e d   to  exceed   a b o u t  

0  o n e - h a l f   the  q u a n t i z a t i o n   s tep   s i z e   A  of  the  AD  c o n v e r t e r   15 .  

An  i n c r e a s e d   a m p l i t u d e   of  the  random  no i se   N  w i l l   a l s o   l e s s e n  

the  i n f l u e n c e s   of  the  n o n l i n e a r i t y   of  the  q u a n t i z a t i o n   c h a r a -  

c t e r i s t i c   of  the  AD  c o n v e r t e r   15  and  v a r i a t i o n s   in  i t s  

q u a n t i z a t i o n   s t ep   s i z e   owing  to  a v e r a g i n g   e f f e c t s .   From 

5  t h i s   p o i n t   of  view,  the  random  no i se   N  may  p r e f e r a b l y   be  

l a r g e   in  a m p l i t u d e .  
In  the  case  where  the  random  no i se   N  has  a  s m a l l  

a m p l i t u d e   but  the  ana log   s i g n a l   to  be  c o n v e r t e d   has  a  l a r g e  

a m p l i t u d e ,   smal l   n o i s e s   w i l l   be  masked  by  the  s i g n a l   if  i t  

20  is  r e p r o d u c e d   i n to   an  audio   s i g n a l .   T h e r e f o r e ,   the  d i g i t a l  

s u b t r a c t o r   16  in  Fig.   1  can  be  l e f t   ou t .   F u r t h e r m o r e ,   when 

the  o u t p u t   at  the  o u t p u t   t e r m i n a l   17  is  s u b j e c t e d   to  a  d i g i t a l  

f a s t   F o u r i e r   t r a n s f o r m   (FFT)  or  d i g i t a l   d i s c r e t e   F o u r i e r  

t r a n s f o r m   (DFT)  for   a  f r e q u e n c y   a n a l y s i s ,   if  the  random  n o i s e  

25  n  is  s m a l l ,   the  r e s u l t a n t   s i g n a l   component   a p p e a r i n g   on  t h e  

o b s e r v a t i o n   s c r e e n   may  have  high  peaks  above  the  low  r a n d o m  

no i se   l e v e l s   d i s t r i b u t e d   in  the  a n a l y z i n g   f r e q u e n c y   r a n g e ;  

and  so  the  random  no i se   is  not  o b s t r u c t i v e   to  the  o b s e r v a t i o n  

of  the  s i g n a l   componen t .   A c c o r d i n g l y ,   the  d i g i t a l   s u b t r a c t o r  

30  16  can  be  d i s p e n s e d   with  in  t h i s   c a s e ,   t o o .  

On  the  o t h e r   hand,  when  the  a m p l i t u d e   of  the  r andom 

no i se   is  i n c r e a s e d   as  men t ioned   above,   the  n o i s e   component   i s  

d i s t r u b u t e d   u n i f o r m l y   over  a  wide  f r e q u e n c y   band  wi th   h i g h  
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l e v e l s ;   t h e r e f o r e ,   i t   is  n e c e s s a r y   to  remove  the  r a n d o m  
no i se   component   by  means  of  the  d i g i t a l   s u b t r a c t o r   1 6 .  

Moreover ,   a c c o r d i n g   to  the  above  p r i o r   a r t   s y s t e m ,  
the  random  p u l s e s   from  the  random  pu l se   g e n e r a t o r   13  a r e  
c o n v e r t e d   by  the  DA  c o n v e r t e r   14  i n to   an  ana log   s i g n a l .   I n  
t h i s   c a se ,   if  the  a m p l i t u d e   of  the  random  p u l s e s   ( n o i s e )   i s  

l a r g e ,   the  n o n l i n e a r l i t y   of  the  DA  c o n v e r t e r   14  c a n n o t   be  

i g n o r e d   in  the  DA  c o n v e r s i o n   and  t h e r e   a r i s e s   the  n e c e s s i t y  
of  employ ing   an  e x p e n s i v e   DA  c o n v e r t e r   of  a  l a r g e   d y n a m i c  

range  of  c o n v e r s i o n .   Thus,  the  n o n l i n e a r i t y   of  the  DA 

c o n v e r t e r   14  p r e v e n t s   c o m p l e t e   e l i m i n a t i o n   of  the  random  n o i s e  
in  s p i t e   of  i t s   s u b t r a c t i o n   by  the  d i g i t a l   s u b t r a c t o r   1 6 .  

I n c i d e n t a l l y ,   t h e r e   are  shown  in  Fig.   2  v a r i a t i o n s  
in  a  q u a n t i z a t i o n   e r r o r   p roduced   when  the  a m p l i t u d e   of  t h e  

random  no i se   N  was  v a r i e d   in  the  c o n v e n t i o n a l   AD  c o n v e r t i n g  
d e v i c e   d e p i c t e d   in  Fig.   1.  The  random  no i se   a m p l i t u d e   on  t h e  
h o r i z o n t a l   ax i s   in  Fig.   2  is  e x p r e s s e d   in  n o r m a l i z e d   f o r m  
with  the  q u n a t i z a t i o n   s t e p   s i z e   A  .  As  w i l l   be  seen  f r o m  

Fig.   2,  an  i n c r e a s e   in  the  a m p l i t u d e   of  the  random  n o i s e   N 

c a u s e s   a  d e c r e a s e   in  the  q u a n t i z a t i o n   e r r o r ,   but  in  t h i s  

example ,   the  e r r o r   r e a c h e s   a  minimum  va lue   at  a  n o i s e  

a m p l i t u d e   of  2A  and  t h e r e a f t e r   i t   is  r a t h e r   on  the  i n c r e a s e .  

SUMMARY  OF  THE  INVENTION 

It  is  t h e r e f o r e   an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n  

to  p r o v i d e   an  AD  c o n v e r t i n g   d e v i c e   which  is  r e l a t i v e l y   s i m p l e -  
s t r u c t u r e d   and  l o w - c o s t   and  is  ab le   not  only  to  r e d u c e   t h e  

m a l d i s t r i b u t i o n   of  an  q u a n t i z a t i o n   e r r o r   but  a l so   to  l e s s e n  

the  i n f l u e n c e s   of  v a r i a t i o n s   in  q u a n t i z a t i o n   s t e p s   and  t h e  

n o n l i n e a r i t y   of  c o n v e r s i o n   c h a r a c t e r i s t i c s   of  the  AD  c o n -  
v e r t e r   u s e d .  

Another   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  t o  

p r o v i d e   an  AD  c o n v e r t i n g   d e v i c e   which  d i s p e n s e s   wi th   a 
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d i g i t a l   s u b t r a c t i o n   of  the  random  no i se   from  the  AD  c o n v e r t e r  

o u t p u t   . 
Yet  a n o t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   i s  

to  p r o v i d e   an  AD  c o n v e r t i n g   dev ice   which  is  c a p a b l e   of  l e s -  

5  s en ing   the  i n f l u e n c e s   of  n o n - u n i f o r m i t y   of  q u a n t i z a t i o n  

s t e p s   and  the  n o n l i n e a r i t y   of  c o n v e r s i o n   c h a r a c t e r i s t i c s   o f  

the  AD  c o n v e r t e r   even  if  a  random  n o i s e   of  a  r e l a t i v e l y   s m a l l  

a m p l i t u d e   is  e m p l o y e d .  

Accord ing   to  the  p r e s e n t   i n v e n t i o n ,   an  ana log   r andom 

10  no i se   is  added  by  ana log   adding  means  to  an  ana log   s i g n a l   t o  

be  c o n v e r t e d   to  a  d i g i t a l   s i g n a l ,   and  f u r t h e r ,   an  a n a l o g  
o f f s e t   v o l t a g e   of  a  r e l a t i v e l y   l a r g e l y   a l t e r n a t i n g   l e v e l ,  
which  is  c r e a t e d   by  o f f s e t   v o l t a g e   g e n e r a t i n g   means,  is  a l s o  

added  by  the  ana log   means  to  the  ana log   s i g n a l   to  be  c o n v e r t e d .  

15  The  ana log   s i g n a l   thus   added  with  the  ana log   random  n o i s e  

and  the  ana log   o f f s e t   v o l t a g e   is  c o n v e r t e d   by  an  AD  c o n v e r t e r  
in to   d i g i t a l   f o r m .  

The  a l t e r n a t i o n   l e v e l   of  the  ana log   o f f s e t   v o l t a g e  
is  s e l e c t e d   l a r g e r   than  the  a m p l i t u d e   of  the  random  n o i s e ,   i n  

20  g e n e r a l ,   about   one  to  seven  t imes  the  q u a n t i z a t i o n   s t ep   s i z e  
A  of  the  AD  c o n v e r t e r ,   p r e f e r a b l y   t h r e e   to  s ix   t i m e s ,   i n  

p a r t i c u l a r ,   around  four   t imes   the  q u a n t i z a t i o n   s t ep   s i z e .  

The  p e r i o d   of  v a r i a t i o n   of  the  ana log   o f f s e t   v o l t a g e   n e e d s  

only  to  s a t i s f y   the  c o n d i t i o n   t ha t   i t s   f r e q u e n c y   s p e c t r u m  
25  s t a y s   o u t s i d e   the  f r e q u e n c y   band  ( i . e .   the  o b s e r v a t i o n   f r e -  

quency  r e g i o n )   of  the  o b j e c t   s i g n a l .   When  the  ana log   o f f s e t  

v o l t a g e   t akes   the  form  of  a  square   wave,  i t s   p e r i o d   o f  

v a r i a t i o n   is  s e l e c t e d   to  be  equal   to  or  s u f f i c i e n t l y   l o n g e r  
than  the  c o n v e r s i o n   p e r i o d   of  s o - c a l l e d   s amp l ing   p e r i o d   Ts 

30  of  the  AD  c o n v e r t e r ,   for  i n s t a n c e ,   256  Ts,  and  i t s   v a r i a t i o n  
need  not  be  s y n c h r o n i z e d   with  s ampl ing   by  the  AD  c o n v e r t e r .  
In  the  case  of  employ ing   a  s ine   wave  as  the  ana log   o f f s e t  

v o l t a g e ,   i t s   p e r i o d   is  se t   to  be  equal   to  or  l e s s   than  t h e  



0 2 2 5 6 4 1  

sampl ing   p e r i o d   Ts;  in  g e n e r a l ,   i t   is  s e l e c t e d   a p p r e c i a b l y  
h ighe r   than  the  s ampl ing   f r e q u e n c y .  

The  a m p l i t u d e   of  the  ana log   random  no i se   is  s e t  
to  6A  or  l e s s ,   p r e f e r a b l y   in  the  range  of  A/2  to  4A  or  s o ,  

5  or  i t   may  be  l e s s   than  A/2  in  some  c a s e s .   With  a  n o i s e  
a m p l i t u d e   e x c e e d i n g   10A,  the  n o n l i n e a r i t y   of  the  DA 
c o n v e r t e r   for  c o n v e r t i n g   the  d i g i t a l   random  n o i s e   i n t o   an  
ana log   no i se   poses   a  problem  and  a  c o s t l y   DA  c o n v e r t e r  
is  r e q u i r e d   in  p r i o r   a r t   s y s t e m .  

10  As  d e s c r i b e d   above,   a c c o r d i n g   to  the  p r e s e n t  
i n v e n t i o n ,   s i n c e   the  ana log   o f f s e t   v o l t a g e   is  s u p e r i m p o s e d  
on  the  ana log   s i g n a l   to  be  c o n v e r t e d ,   the  i n f l u e n c e   o f  
nonun i f   o rmi ty   of  the  q u a n t i z a t i o n   s t e p s   and  the  n o n -  
l i n e a r i t y   of  the  c o n v e r s i o n   c h a r a c t e r i s t i c s   on  the  AD 

15  c o n v e r s i o n   can  be  l e s s e n e d   even  if   the  a m p l i t u d e   of  t h e  
ana log   random  no i se   is  r e d u c e d .   In  a d d i t i o n ,   s i n c e   t h e  
spec t rum  of  the  ana log   o f f s e t   v o l t a g e   is  p l a c e d   o u t s i d e  
the  o b s e r v a t i o n   f r e q u e n c y   range   and  the  a m p l i t u d e   of  t h e  
ana log   random  n o i s e   is  s m a l l ,   n e i t h e r   the  o f f s e t   v o l t a g e  

20  nor  the  random  no i se   needs  to  be  s u b t r a c t e d   d i g i t a l l y   f r o m  
the  AD  c o n v e r t e r   o u t p u t .   Of  c o u r s e ,   the  s u b t r a c t i o n   may 
a l so   be  c o n d u c t e d .   F u r t h e r ,   a  l o w - c o s t   DA  c o n v e r t e r   w i t h  
a  smal l   number  of  b i t s   can  be  employed  for  p r o d u c i n g   t h e  
ana log   random  no i se   because   i t s   a m p l i t u d e   is  s m a l l ,   and  a 

25  DA  c o n v e r t e r   of  e x c e l l e n t   c o n v e r s i o n   l i n e a r i t y   is  e a s i l y  
a v a i l a b l e   . 

Moreover ,   s i n c e   the  a m p l i t u d e   of  the  r a n d o m  
no ise   and  the  l e v e l   a l t e r n a t i o n   ( a m p l i t u d e )   of  the  o f f s e t  
v o l t a g e   can  be  s e l e c t e d   in  v a r i o u s   c o m b i n a t i o n s ,   the  f r e e -  

30  dom  in  d e s i g n i n g   the  AD  c o n v e r t i n g   dev ice   is  i n c r e a s e d  
a c c o r d i n g l y   . 



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.   1  is  a  block  d iagram  i l l u s t r a t i n g   a  c o n -  

v e n t i o n a l   AD  c o n v e r t i n g   d e v i c e ;  

Fig.   2  is  a  graph  showing  the  r e l a t i o n   between  t h e  

5  a m p l i t u d e   of  a  random  no i se   and  a  q u a n t i z a t i o n   e r r o r   in  t h e  

AD  c o n v e r t i n g   dev i ce   d e p i c t e d   in  Fig.   1; 

Fig.   3  is  a  block  d iag ram  i l l u s t r a t i n g   an  

embodiment  of  the  AD  c o n v e r t i n g   d e v i c e   of  the  p r e s e n t  

i n v e n t i o n   ; 
LO  Fig.   4  is  a  t iming   c h a r t   showing  an  example  of  t h e  

r e l a t i o n   be tween  a  sampl ing   c lock   and  an  o f f s e t   v o l t a g e ;  

Fig.   5  is  a  block  d iag ram  i l l u s t r a t i n g   a n o t h e r  

embodiment  of  the  AD  c o n v e r t i n g   d e v i c e   which  employs  w a v e -  

form  memories   for  g e n e r a t i n g   the  random  n o i s e   and  t h e  

15  o f f s e t   v o l t a g e ;  
Fig .   6  is  a  b lock  d iagram  i l l u s t r a t i n g   a n o t h e r  

embodiment  of  the  p r e s e n t   i n v e n t i o n   which  employs  a  common 

waveform  memory  for  p r o d u c i n g   the  random  n o i s e   and  t h e  

o f f s e t   v o l t a g e ;  
20  Fig .   7  is  a  block  d iag ram  i l l u s t r a t i n g   a n o t h e r  

example  of  the  o f f s e t   v o l t a g e   g e n e r a t i n g   m e a n s ;  

Fig.   8  is  a  f r e q u e n c y   s p e c t r u m   showing ,   by  way 

of  example ,   the  r e l a t i o n s   between  o b s e r v a t i o n   band,  a 

s i g n a l   to  be  o b s e r v e d ,   n o i s e ,   and  the  o f f s e t   v o l t a g e  

25  c o m p o n e n t ;  
Fig.   9  is  a  block  d iag ram  i l l u s t r a t i n g   an  

example  of  the  p r e s e n t   i n v e n t i o n   as  a p p l i e d   to  the  c a s e  

of  c o n v e r t i n g   an  ana log   s i g n a l   i n to   a  d i g i t a l   s i g n a l   i n  

two  s t a g e s ;  
30  Fig .   10  is  a  block  d iagram  i l l u s t r a t i n g   an  

example  of  a  m e a s u r i n g   sys tem,   for  e x p l a i n i n g   the  e f f e c t   o f  

the  p r e s e n t   i n v e n t i o n ;   and 

Fig.   11  is  a  graph  showing  an  e x p e r i m e n t a l   e x a m p l e  
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of  the  r e l a t i o n   between  the  a m p l i t u d e   ( l e v e l   v a r i a t i o n )  
of  the  o f f s e t   v o l t a g e   and  a  q u a n t i z a t i o n   e r r o r .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
5  Fig.  3  i l l u s t r a t e s   in  b lock   form  an  embodiment   o f  

the  p r e s e n t   i n v e n t i o n ,   in  which  the  p a r t s   c o r r e s p o n d i n g   t o  
those   in  Fig.   1  are  i d e n t i f i e d   by  the  same  r e f e r e n c e  
n u m e r a l s .   The  p r e s e n t   i n v e n t i o n   employs  o f f s e t   g e n e r a t i n g  
means  21,  which  c o m p r i s e s ,   for  i n s t a n c e ,   o f f s e t   v a l u e  

LO  g e n e r a t i n g   means  22  for  g e n e r a t i n g   an  o f f s e t   v o l t a g e   v a l u e  
and  a  DA  c o n v e r t e r   23  for  c o n v e r t i n g   the  o f f s e t   v o l t a g e  
va lue   i n to   an  a n a l o g   v o l t a g e .   The  o f f s e t   v o l t a g e   0  f r o m  
the  o f f s e t   g e n e r a t i n g   means  21  is  a p p l i e d   to  the  a n a l o g  
adder   12  in  a d d i t i o n   to  the  a p p l i c a t i o n   of  the  n o i s e   s i g n a l  

L5  N-  The  o f f s e t   v o l t a g e   0  is  v a r i e d   more  g r e a t l y   than  t h e  
q u a n t i z a t i o n   s t e p   s i z e   A;  namely ,   i t   is  v a r i e d   to ,   f o r  
example ,   +4A,  0,  -4A  ,  0,  +4A  ,  as  shown  in  Fig .   4 .  
In  t h i s   c a se ,   however ,   the  v a l u e s   of  t h e s e   v a r i a t i o n s   n e e d  
not  always  be  i n t e g r a l   m u l t i p l e s   of  the  q u a n t i z a t i o n   s t e p  

20  s i z e   "A.  The  v a r i a t i o n   p e r i o d   To  of  the  o f f s e t   v o l t a g e   0  i s  
se t   to,  for  i n s t a n c e ,   m  t imes   l o n g e r   than  the  s a m p l i n g   p e r i o d  
Ts  in  the  AD  c o n v e r t e r   15.  The  p e r i o d   To  need  not  n e c e s s a r i l y  
be  held  c o n s t a n t   and  s y n c h r o n i z e d   with  the  s a m p l i n g   p e r i o d   T s .  

The  AD  c o n v e r t e r   15  p r o v i d e s   a  d i g i t a l   o u t p u t  
25  (X  +  N  +  0)^  c o n v e r t e d   from  the  ana log   adder   o u t p u t   (X  +  N  + 

0).  In  t h i s   example ,   the  d i g i t a l   va lue   (0)^   of  the  o f f s e t  
v o l t a g e   0  is  a l s o   s u b t r a c t e d ,   by  the  d i g i t a l   s u b t r a c t o r   1 6 ,  
from  the  o u t p u t   d i g i t a l   s i g n a l   (X  +  N  +  0)^  of  the  AD 
c o n v e r t e r   15,  p r o v i d i n g   a  d i g i t a l   s i g n a l   (X  +  N  +  0)^  -  

50  (N  +  0)^  at  the  o u t p u t   t e r m i n a l   17 .  
The  s i g n a l   thus   o b t a i n e d   at  the  o u t p u t   t e r m i n a l   17 

of  the  AD  c o n v e r t i n g   d e v i c e   is  s u p p l i e d   to,  for   example ,   a 
d i g i t a l   f a s t   F o u r i e r   t r a n s f o r m   un i t   24,  whe re in   the  s i g n a l  
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in  the  time  domain  is  c o n v e r t e d   to  a  s i g n a l   in  the  i r e q u e n c y  

domain,   for  a n a l y s i s .   Where  the  ana log   s i g n a l   X  to  be  

c o n v e r t e d   i n to   d i g i t a l   form  is  a  r e p e t i t i v e   s i g n a l ,   t h e  

a b o v e - m e n t i o n e d   c o n v e r s i o n   to  the  f r e q u e n c y   domain  i s  

5  c o n d u c t e d   upon  each  r e p e t i t i o n   of  the  input   s i g n a l   X  a n d  

the  c o r r e s p o n d i n g   f r e q u e n c y   componen t s   in  the  r e s p e c t i v e  

c o n v e r s i o n   r e s u l t s   are  a v e r a g e d ;   t h i s   a l so   a v e r a g e s  

q u a n t i z a t i o n   e r r o r s .  
Fig.   5  i l l u s t r a t e s   a n o t h e r   embodiment  of  t h e  

10  p r e s e n t   i n v e n t i o n .   In  t h i s   embodiment ,   r e s p e c t i v e   v a l u e s  

(sample   v a l u e s )   of  a  random  no i se   waveform  are  p r e s t o r e d   in  a  

random  no i se   waveform  memory  25,  c lock   p u l s e s   of  a  f r e q u e n c y  

Ts  from  a  c lock   t e r m i n a l   26  are  coun t ed   by  a  r i ng   c o u n t e r   2 7 ,  

and  i t s   count   va lue   is  used  as  an  a d d r e s s   for  r e a d i n g   o u t  

15  the  memory  25.  Each  sample  va lue   of  the  random  n o i s e  

waveform  read  out  of  the  memory  25  is  l a t c h e d   in  a  l a t c h  

c i r c u i t   28,  the  o u t p u t   of  which  is  c o n v e r t e d   by  the  DA 

c o n v e r t e r   14  to  an  ana log   s i g n a l ' .   C o n s e q u e n t l y ,   an  a n a l o g  

random  no i se   is  o b t a i n e d   from  the  DA  c o n v e r t e r   1 4 .  

20  On  the  o t h e r   hand,  each  sample  va lue   of  an  o f f s e t  

waveform  is  p r e s t o r e d   in  an  o f f s e t   waveform  memory  2 9 ,  

the  c lock   p u l s e s   from  the  t e r m i n a l   26  are  f r e q u e n c y   d i v i d e d  

by  a  f r e q u e n c y   d i v i d e r   31  down  to  1/m  of  the  c lock   p u l s e s ,  

and  the  f r e q u e n c y - d i v i d e d   o u t p u t s   are  coun ted   by  a  r i n g  

25  c o u n t e r   32.  The  count   va lue   of  the  r i n g   c o u n t e r   32  i s  

used  as  an  a d d r e s s   for  r e a d i n g   out  the  o f f s e t   waveform  memory 

29.  The  sample  v a l u e s   of  the  o f f s e t   waveform  thus   r e a d  

out  of  the  memory  29  are  l a t c h e d   in  a  l a t c h   c i r c u i t   33  by  t h e  

o u t p u t   of  the  f r e q u e n c y   d i v i d e r   31.  The  l a t c h   o u t p u t   i s  

30  c o n v e r t e d   by  the  DA  c o n v e r t e r   23  to  ana log   form,  i n  

c o n s e q u e n c e   of  which  ana log   o f f s e t   v o l t a g e   is  o b t a i n e d   f r o m  

the  DA  c o n v e r t e r   23 .  

The  AD  c o n v e r t e r   15  p e r f o r m s   one  c o n v e r t i n g  
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o p e r a t i o n   upon  each  a p p l i c a t i o n   t h e r e t o   of  the  c lock   p u l s e  
from  the  t e r m i n a l   26.  The  d i g i t a l   s u b t r a c t o r   16  i s  
s u p p l i e d   with  the  o u t p u t s   from  the  l a t c h   c i r c u i t s   28  and  3 3 .  
In  the  embodiment   of  Fig.   5,  i t   is  n e c e s s a r y ,   in  p r a c t i c e ,  

5  to  p r o v i d e   de lay   c i r c u i t s   for  t iming   the  o p e r a t i o n s   of  t h e  
r e s p e c t i v e   p a r t s ,   but  no  d e s c r i p t i o n   w i l l   be  g iven   t h e r e o f  
for  the  sake  of  b r e v i t y .  

Fig.   6  shows  a  m o d i f i e d   form  of  the  e m b o d i e m e n t  
of  Fig.   5,  in  which  the  random  no i se   and  the  o f f s e t   v o l t a g e  

10  are  g e n e r a t e d   by  a  common  means.  In  t h i s   i n s t a n c e ,   r e s p e c t i v e  
sample  v a l u e s   of  the  random  n o i s e   waveform  and  the  o f f s e t  
waveform  s u p e r i m p o s e d   on  each  o t h e r   are  p r e s t o r e d   in  a 
waveform  memory  34,  which  is  read  out  u s ing   the  count   va lue   o f  
the  c o u n t e r   27,  and  the  r e a d - o u t   o u t p u t   is  l a t c h e d   in  t h e  

15  l a t c h   c i r c u i t   28,  the  o u t p u t   of  which  is  s u p p l i e d   to  the  DA 
c o n v e r t e r   1 4 .  

Fig.   7  i l l u s t r a t e s   a  m o d i f i c a t i o n   of  the  o f f s e t  
g e n e r a t i n g   means  21,  in  which  an  ana log   o f f s e t   v o l t a g e   i s  
p roduced   d i r e c t l y   by  a  s q u a r e   or  s i n e - w a v e   o s c i l l a t o r   35 

20  and  is  a p p l i e d   not  only  to  the  ana log   adder   12  but  a l s o   to  a n  
AD  c o n v e r t e r   36  . w h e r e i n   i t   is  c o n v e r t e d   to  a  d i g i t a l   s i g n a l  
for  i npu t   to  the  d i g i t a l   s u b t r a c t o r   16.  The  ana log   o f f s e t  
v o l t a g e   is  not  l i m i t e d   s p e c i f i c a l l y   to  the  s q u a r e   or  s i n e  
wave  but  may  take  o t h e r   waveforms  as  w e l l .  

25  Let  the  case  be  c o n s i d e r e d   t h a t   the  o u t p u t  
d i g i t a l   s i g n a l   at  the  o u t p u t   t e r m i n a l   17  is  c o n v e r t e d   to  a  
s i g n a l   of  the  f r e q u e n c y   domain  t h rough   use  of ,   for  e x a m p l e ,  
the  FFT  u n i t   24  in  Fig.   3.  When  the  f r e q u e n c y   r e g i o n   ( b a n d )  
for  o b s e r v a t i o n   is  such  as  i n d i c a t e d   by  the  broken  l i n e   37  i n  

30  Fig.  8,  the  f r e q u e n c y   s p e c t r u m   of  the  a n a l o g   random  no i se   N 
is  s u b s t a n t i a l l y   f l a t   in  at  l e a s t   the  o b s e r v a t i o n   r e g i o n ,   a s  
i n d i c a t e d   by  38,  and  the  no i se   occu r s   at  random.  Where  t h e  
f r e q u e n c y   s p e c t r u m   38  of  the  ana log   random  no i se   N  i s  
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s u f f i c i e n t l y   lower  in  l e v e l   than  s i g n a l   components   39  to  be 

o b s e r v e d ,   as  shown,  it   is  not  o b s t r u c t i v e   to  the  o b s e r v a t i o n  

of  the  s i g n a l   components   39.  When  the  s i g n a l   components   39 

are  r e p r o d u c e d   i n to   an  audio   s i g n a l ,   i t   hea r s   t h a t   t h e  

5  n o i s e   is  a lmost   masked  by  the  high  i n t e n s i t y   s i g n a l  

components   39;  and  so  t h e r e   may  be  no  need  of  the  s u b t r a c t i o n  

of  the  d i g i t a l   random  no i se   (N)^  by  the  d i g i t a l   s u b t r a c t o r   16 

in  the  a b o v e - d e s c r i b e d   embod imen t s .   S i m i l a r l y ,   by  s u i t a b l y  

s e l e c t i n g   the  o f f s e t   v o l t a g e   such  t h a t   the  f r e q u e n c y   c o m p o n e n t  

10  of  the  o f f s e t   v o l t a g e   f a l l s   o u t s i d e   the  o b s e r v a t i o n   band  3 7 ,  

as  i n d i c a t e d   by  41  or  42  in  Fig.   8,  the  o f f s e t   component   n e e d  

not  be  s u b t r a c t e d   by  the  d i g i t a l   s u b t r a c t o r   16  e i t h e r .  

A c c o r d i n g l y ,   the  d i g i t a l   s u b t r a c t o r   16  can  be  d i s p e n s e d   w i t h  

in  t h e s e   c a s e s .   If  the  l e v e l s   of  the  s i g n a l   components   39 

15  are  s u f f i c i e n t l y   h ighe r   than  the  l e v e l   of  the  o f f s e t   v o l o t a g e  

component   41  or  42,  the  d i g i t a l   s u b t r a c t o r   16  can  be  

o m i t t e d   a l so   in  the  case  of  r e p r o d u c i n g   the  AD  c o n v e r t e d  

o u t p u t   at  the  t e r m i n a l   17  i n to   an  audio   s i g n a l .  
It  has  been  p roposed   to  employ  a  r e l a t i v e l y   s m a l l ,  

20  h i g h - p e r f o r m a n c e ,   h i g h - s p e e d   AD  c o n v e r t e r   for  an  AD  c o n v e r s i o n ,  

in  which  an  ana log   s i g n a l   to  be  c o n v e r t e d   to  d i g i t a l   form  i s  

f i g u r a t i v e l y   d i v i d e d   i n to   a  h i g h - l e v e l   p o r t i o n   and  a  l o w -  

l e v e l   p o r t i o n   in  terms  of  d i g i t a l   v a l u e ,   the  both  p o r t i o n s  

are  s h i f t e d   i n t o   s u b s t a n t i a l l y   the  same  l e v e l   range   and  

25  i n d i v i d u a l l y   c o n v e r t e d   to  d i g i t a l   s i g n a l s ,   and  then  t h e  

d i g i t a l   s i g n a l s   are  combined  i n to   a  c o m p o s i t e   s i g n a l   a f t e r  

be ing   a d j u s t e d   in  o r d e r .   This  is  i n t r o d u c e d   in,   for  i n s t a n c e ,  

HEWLETT  PACKARD  JOURNAL,  Dec.  1984,  pp.  13-15.   Also  in  s u c h  

an  i n s t a n c e   the  p r e s e n t   i n v e n t i o n   can  be  u t i l i z e d .   F o r  

30  example ,   as  shown  in  Fig.  9,  the  ana log   s i g n a l   from  t h e  

i n p u t   t e r m i n a l   11  is  s u p p l i e d   to  both  an  ana log   d i v i d e r   44 

and  an  ana log   s u b t r a c t o r   45.  The  o u t p u t   of  the  d i v i d e r   44 

is  p r o v i d e d   via  a  c h a n g e o v e r   sw i t ch   46  to  the  ana log   adder   1 2 .  
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This  is  an  example  of  a p p l i c a t i o n   to  the  embodiment   d e p i c t e d  
in  Fig.   6,  in  which  the  waveform  memory  34  is  read  ou t ,   t h e  
read  out  o u t p u t   is  c o n v e r t e d   to  an  ana log   s i g n a l   to  c r e a t e   a 
s u p e r i m p o s e d   v o l t a g e   of  the  random  no i se   and  the  o f f s e t  

5  v o l t a g e ,   and  the  s u p e r i m p o s e d   v o l t a g e   is  s u p p l i e d   to  t h e  

ana log   adder  12.  The  ou tpu t   of  the  ana log   adder   12  i s  
c o n v e r t e d   by  the  AD  c o n v e r t e r   15  to  a  d i g i t a l   s i g n a l ,   f r o m  
which  the  random  n o i s e   and  the  o f f s e t   component   are  s u b t r a c t e d  
by  the  d i g i t a l   s u b t r a c t o r   16.  As  a  r e s u l t   of  t h i s ,   a 

10  component  of  the  d i g i t a l   s u b t r a c t o r   o u t p u t   c o r r e s p o n d i n g   t o  
the  h i g h - l e v e l   p o r t i o n   of  the  i npu t   ana log   s i g n a l   in  t e r m s  
of  d i g i t a l   va lue   has  been  s h i f t e d   to  a  low  l e v e l   and  t h e n  
c o n v e r t e d   to  a  d i g i t a l   s i g n a l ,   which  is  l a t c h e d   in  a  l a t c h  
c i r c u i t   47  and,  at  the  same  t ime,   i t   is  c o n v e r t e d   by  a  DA 

15  c o n v e r t e r   48  to  an  ana log   s i g n a l .   At  t h i s   t ime ,   the  l e v e l  
of  the  ana log   s i g n a l   is  r e t u r n e d   to  the  o r i g i n a l   a n a l o g  
l e v e l ,   and  the  o u t p u t   of  the  DA  c o n v e r t e r   48  is  a p p l i e d   t o  
the  ana log   s u b t r a c t o r   45,  where in   the  h i g h - l e v e l   p o r t i o n   o f  
the  o r i g i n a l   i n p u t   ana log   s i g n a l   at  the  i npu t   t e r m i n a l   11  i s  

20  s u b t r a c t e d   by  the  DA  c o n v e r t e r   o u t p u t .   The  l e v e l   of  t h e  

r e m a i n i n g   l o w - l e v e l   p o r t i o n   from  the  ana log   s u b t r a c t o r   45  i s  
r a i s e d   by  a  m u l t i p l i e r   49,  the  o u t p u t   of  which  is  p r o v i d e d  
via  the  s w i t c h   46  to  the  ana log   adder   1 2 .  

In  t h i s   a r r a n g e m e n t ,   the  d i v i d i n g   number  of  t h e  

25  d i v i d e r   44  and  the  m u l t i p l y i n g   number  of  the  m u l t i p l i e r   49 

are  s e l e c t e d   such  t h a t   the  f u l l   range  of  the  AD  c o n v e r t e r   15 
is  u t i l i z e d   most  e f f e c t i v e l y .   As  d e s c r i b e d   above ,   the  o u t p u t  
of  the  m u l t i p l i e r   49  is  a l so   a p p l i e d   via  the  a n a l o g   adder   12 
to  the  AD  c o n v e r t e r   15  for  c o n v e r s i o n   i n to   a  d i g i t a l   s i g n a l .  

30  In  the  d i g i t a l   s u b t r a c t o r   16  the  n o i s e   component   and  t h e  

o f f s e t   component  are  removed  from  the  c o n v e r t e d   o u t p u t ,   a n d  

the  s u b t r a c t o r   o u t p u t   is  s u p p l i e d   to  an  adder   51,  w h e r e i n   i t  

is  combined  with  the  h i g h - l e v e l   p o r t i o n   p r e v i o u s l y   c o n v e r t e d  



0 2 2 5 6 4 1  

and  held  in  the  l a t c h   c i r c u i t   47,  i n to   a  c o m p o s i t e   s i g n a l ,  
which  is  p r o v i d e d   to  the  o u t p u t   t e r m i n a l   17 .  

In  o rde r   to  v a r i f y   the  e f f e c t   of  the  p r e s e n t   i n v e n -  

t i o n ,   the  p r e s e n t   i n v e n t o r   c o n d u c t e d   the  f o l l o w i n g   e x p e r i m e n t .  

5  As  shown  in  Fig.   10,  the  o u t p u t   s ide   of  an  ana log   s u b t r a c t o r  

53  was  c o n n e c t e d   to  the  i npu t   t e r m i n a l   11  of  the  AD  c o n v e r t i n g  

d e v i c e ,   and  the  ana log   s u b t r a c t o r   53  was  c o n n e c t e d   at  o n e  

inpu t   to  the  o u t p u t   of  a  s q u a r e   wave  g e n e r a t o r   54  and  at  t h e  

o t h e r   inpu t   to  the  o u t p u t   of  a  s ine   wave  o s c i l l a t o r   55 

10  via  a  swi tch   56.  A  s i n e   wave  of  the  same  f r e q u e n c y   and  

a m p l i t u d e   as  those   of  the  f u n d a m e n t a l   wave  of  the  o u t p u t  

s q u a r e   wave  of  the  s q u a r e   wave  g e n e r a t o r   54  was  p r o d u c e d   by 

the  s ine   wave  o s c i l l a t o r   55.  I n c i d e n t a l l y ,   the  d i g i t a l  
s u b t r a c t o r   16  was  l e f t   o u t .  

15  At  f i r s t ,   the  s w i t c h   56  was  t u rned   ON  and  t h e  

o u t p u t s   of  the  both  DA  c o n v e r t e r s   13  and  23  were  se t   to  z e r o .  

C o n s e q u e n t l y ,   the  f u n d a m e n t a l   wave  component  of  the  o u t p u t  
from  the  squa re   wave  g e n e r a t o r   54  was  c a n c e l l e d   by  the  s i n e  

wave  from  the  o s c i l l a t o r   55  and  only  h i g h - f r e q u e n c y  
20  components   of  the  squa re   wave  were  p r o v i d e d   via   the  a n a l o g  

adder   12  to  the  AD  c o n v e r t e r   15.  The  AD  c o n v e r t e d   o u t p u t  

was  t r a n s f o r m e d   by  the  means  24  i n to   a  s i g n a l   of  t h e  

f r e q u e n c y   domain,   and  the  l e v e l   of  each  h i g h - f r e q u e n c y  

component  was  r e g a r d e d   as  a  t r u e   v a l u e .  

25  Af t e r   t h i s ,   the  s w i t c h   56  was  t u r n e d   OFF,  t h e  

o u t p u t   of  the  DA  c o n v e r t e r   23  was  held  at  z e ro ,   and  t h e  

o u t p u t   of  the  squa re   wave  g e n e r a t o r   54  was  s u p p l i e d   to  t h e  

ana log   adder  12  so  as  to  m e a s u r e ,   f i r s t ,   the  q u a n t i z a t i o n  

e r r o r   a c c o r d i n g   to  the  p r i o r   a r t   d e v i c e .   At  t h a t   t ime ,   t h e  

30  o u t p u t   of  the  DA  c o n v e r t e r   14  was  p r o v i d e d   to  the  a n a l o g  
adder   12,  and  the  a m p l i t u d e   of  the  o u t p u t   of  the  DA  c o n v e r -  

t e r   14,  tha t   i s ,   the  a m p l i t u d e   of  the  ana log   random  n o i s e  

was  g r a d u a l l y   i n c r e a s e d ,   and  then  the  q u a n t i z a t i o n   e r r o r  
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of  the  c o n v e r t e d   o u t p u t   by  the  AD  c o n v e r t e r   15  was  m e a s u r e d .  
The  measured  r e s u l t s   are  shown  in  Fig.   2  as  r e f e r r e d   t o  
p r e v i o u s l y .   The  q u a n t i z a t i o n   e r r o r   is  d e f i n e d   as  the  sum  o f  
the  d i f f e r e n c e s   between  the  f r e q u e n c y   componen t s   of  the  o u t p u t  

5  from  the  means  24  and  the  a f o r e - s a i d   t r u e   v a l u e s .  
Next,  the  a m p l i t u d e   of  the  o u t p u t   from  the  DA  c o n -  

v e r t e r   14,  t h a t   i s ,   the  a m p l i t u d e   of  the  ana log   o f f s e t   v o l t a g e  
was  g r a d u a l l y   i n c r e a s e d ,   s t a r t i n g   with  z e ro ,   whi le   m a i n t a i n i n g  
the  a m p l i t u d e   of  random  n o i s e   at  2A  where  the  q u a n t i z a t i o n  

10  e r r o r   was  minimum  as  seen  in  Fig.   2.  The  measured   r e s u l t s   o f  
the  q u a n t i z a t i o n   e r r o r   with  r e s p e c t   to  the  i n c r e a s e   in  t h e  
o f f s e t   v o l t a g e   are  such  as  shown  in  Fig .   11.  As  is  e v i d e n t  
from  Fig.   11,  an  i n c r e a s e   in  the  a m p l i t u d e   of  the  o f f s e t  
v o l t a g e   c a u s e s   a  d e c r e a s e   in  the  q u a n t i z a t i o n   e r r o r ,   a n d  

15  when  the  a l t e r n a t i n g   a m p l i t u d e   of  the  o f f s e t   v o l t a g e   is  ±4A 
about   ze ro ,   the  q u a n t i z a t i o n   e r r o r   is  minimum.  F u r t h e r ,   i t  
is  seen  from  Fig.   11  t h a t   the  a m p l i t u d e   v a r i a t i o n s   in  t h e  
range  of  ±(A  to  7A)  are  a l so   e f f e c t i v e   compared  to  Fig.   2 
for  r e d u c i n g   the  q u a n t i z a t i o n   e r r o r   and  v a r i a t i o n s   in  t h e  

20  range  of  ±(3  to  6a)  are  a l so   a p p r e c i a b l y   e f f e c t i v e .  
As  d e s c r i b e d   above,   a c c o r d i n g   to  the  p r e s e n t  

i n v e n t i o n ,   the  a m p l i t u d e   of  a  random  n o i s e   s u p e r i m p o s e d   on 
an  ana log   s i g n a l   to  be  c o n v e r t e d   can  be  d e c r e a s e d   even  by 
s u p e r i m p o s i n g   on  the  l a t t e r   an  o f f s e t   v o l t a g e   of  a l t e r n a t i n g  

25  l e v e l s ;   so  t h a t   the  d i g i t a l   s u b t r a c t o r   16  need  not  a lways   b e  
p r o v i d e d   at  the  ou tpu t   s ide   of  the  AD  c o n v e r t e r   15,  a s  
m e n t i o n e d   p r e v i o u s l y .   F u r t h e r m o r e ,   i t   is  p o s s i b l e   to  e m p l o y ,  
for  p r o d u c i n g   the  random  no i se   v o l t a g e ,   a  DA  c o n v e r t e r  
which  is  smal l   in  the  number  of  b i t s ,   s m a l l - s i z e d ,   l o w - c o s t ,  

30  e x c e l l e n t   in  l i n e a r i t y   and  high  in  p r e c i s i o n .   This  e n s u r e s  
c o r r e c t   c o m p e n s a t i o n   for  c a n c e l l a t i o n   by  the  d i g i t a l   s u b -  
t r a c t o r   16  if  employed.   In  a d d i t i o n ,   the  use  of  the  o f f s e t  
v o l t a g e   not  only  p e r m i t s   u n i f o r m   d i s t r i b u t i o n   of  t h e  
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q u a n t i z a t i o n   e r r o r   but  a l so   s u p p r e s s e s   the  i n f l u e n c e s   o f  

v a r i a t i o n s   in  the  q u a n t i z a t i o n   s tep   s i z e   and  the  n o n l i n e a r i t y  
of  c o n v e r s i o n   c h a r a c t e r i s t i c s   of  the  AD  c o n v e r t e r .  

A  DA  c o n v e r t e r   with  a  smal l   number  of  b i t s   can  be  

used  as  the  DA  c o n v e r t e r   23  for  g e n e r a t i n g   the  o f f s e t   v o l t a g e ,  
too.   Moreover ,   s i n c e   the  q u a n t i z a t i o n   e r r o r   is  r e d u c e d  

t h r o u g h   u t i l i z a t i o n   of  both  the  random  no i se   and  the  o f f s e t  

v o l t a g e ,   a  s u i t a b l e   s e l e c t i o n   of  t h e i r   a m p l i t u d e s   p r o v i d e s  
for  i n c r e a s e d   f reedom  in  d e s i g n i n g   the  AD  c o n v e r t i n g   d e v i c e .  

It  w i l l   be  a p p a r e n t   t h a t   many  m o d i f i c a t i o n s   a n d  
v a r i a t i o n s   may  be  e f f e c t e d   w i t h o u t   d e p a r t i n g   from  the  scope  o f  
the  novel   c o n c e p t s   of  the  p r e s e n t   i n v e n t i o n .  
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WHAT  IS  CLAIMED  I S :  
1.  An  AD  c o n v e r t i n g   d e v i c e   in  which  an  ana log   r a n d o m  

no i se   of  a  r e l a t i v e l y   smal l   a m p l i t u d e   is  g e n e r a t e d   by  r a n d o m  
n o i s e   g e n e r a t i n g   means,   the  ana log   random  no i se   is  added  by 
ana log   add ing   means  to  an  ana log   s i g n a l   to  be  c o n v e r t e d ,   a n d  
the  added  o u t p u t   is  c o n v e r t e d   by  an  AD  c o n v e r t e r   to  a  d i g i t a l  
s i g n a l ,   c h a r a c t e r i z e d   by  the  p r o v i s i o n   o f :  

o f f s e t   g e n e r a t i n g   means  whereby  an  ana log   o f f s e t  
v o l t a g e   of  r e l a t i v e l y   l a r g e   l e v e l   v a r i a t i o n s   is  g e n e r a t e d  
and  is  a p p l i e d   to  the  a n a l o g   add ing   m e a n s .  

2.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  c l a im  1 ,  
whe re in   the  random  n o i s e   g e n e r a t i n g   means  c o m p r i s e s   d i g i t a l  
random  n o i s e   g e n e r a t i n g   means  for  g e n e r a t i n g   a  d i g i t a l  
random  n o i s e   and  f i r s t   DA  c o n v e r t i n g   means  for  c o n v e r t i n g  
the  d i g i t a l   random  n o i s e   i n t o   the  a n a l o g   random  n o i s e   to  b e  
a p p l i e d   to  the  a n a l o g   add ing   m e a n s .  

3.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  c l a im  2 ,  
whe re in   the  d i g i t a l   random  no i se   g e n e r a t i n g   means  i n c l u d e s  
f i r s t   memory  means  for  s t o r i n g   a  d i g i t a l   random  n o i s e   w a v e f o r m ,  
the  o u t p u t   read  out  of  the  f i r s t   memory  means  be ing   s u p p l i e d  
as  the  d i g i t a l   random  n o i s e   to  the  f i r s t   DA  c o n v e r t i n g   m e a n s .  

4.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  c l a im  3 ,  
where in   the  o f f s e t   v o l t a g e   g e n e r a t i n g   means  c o m p r i s e s   s e c o n d  

memory  means  for  s t o r i n g   a  d i g i t a l   o f f s e t   waveform,   and  
second  DA  c o n v e r t i n g   means  for  c o n v e r t i n g   the  d i g i t a l   o f f s e t  
waveform  i n t o   the  a n a l o g   o f f s e t   v o l t a g e .  

5.  The  AD  c o n v e r t i n g   d e v i c e   '  a c c o r d i n g   to  c la im  4 ,  
where in   one  DA  c o n v e r t i n g   means  is  used  both  as  the  f i r s t  
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DA  c o n v e r t i n g   means  and  as  the  second  DA  c o n v e r t i n g   means  
and  one  memory  means  is  used  both  as  the  f i r s t   memory  means  
and  as  the  second  memory  means,  and  where in   the  d i g i t a l  
random  no i se   waveform  and  the  d i g i t a l   o f f s e t   w a v e f o r m  

s u p e r i m p o s e d   on  each  o the r   are  s t o r e d   in  the  memory  m e a n s ,  
which  are  r e p e a t e d l y   read  out  t h e r e f r o m ,   c o n v e r t e d   by  t h e  

DA  c o n v e r t i n g   means  to  ana log   form,  and  then  a p p l i e d   to  t h e  

ana log   adding  m e a n s .  

6.  The  AD  c o n v e r t i n g   dev i ce   a c c o r d i n g   to  c la im  4 ,  
f u r t h e r   i n c l u d i n g   means  for  r e p e a t e d l y   r e a d i n g   out  the  f i r s t  

memory  means  in  s y n c h r o n i z a t i o n   with  f i r s t   c lock   p u l s e s   o f  

a  c o n v e r s i o n   p e r i o d   of  the  AD  c o n v e r t e r   and  means  f o r  

r e p e a t e d l y   r e a d i n g   out  the  second  memory  means  by  s e c o n d  

c lock   p u l s e s   lower  in  r a t e   than  the  f i r s t   c lock   p u l s e s .  

7.  "The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  c l a im  1 ,  
where in   the  o f f s e t   v o l t a g e   g e n e r a t i n g   means  c o m p r i s e s   memory 
means  for  s t o r i n g   a  d i g i t a l   o f f s e t   waveform  and  DA  c o n v e r t i n g  
means  for  c o n v e r t i n g   the  d i g i t a l   o f f s e t   waveform  to  t h e  

ana log   o f f s e t   v o l t a g e .  

8.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  c l a im  1 ,  
where in   the  o f f s e t   g e n e r a t i n g   means  is  an  o f f s e t   g e n e r a t o r   f o r  

d i r e c t l y   g e n e r a t i n g   the  ana log   o f f s e t   v o l t a g e .  

9.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  c l a im  8 ,  
f u r t h e r   i n c l u d i n g   AD  c o n v e r t i n g   means  for  c o n v e r t i n g   t h e  

ana log   o f f s e t   v o l t a g e   from  the  o f f s e t   g e n e r a t o r   i n t o   a  d i g i t a l  
o f f s e t   s i g n a l   and  d i g i t a l   s u b t r a c t i n g   means  for   s u b t r a c t i n g  
the  c o n v e r t e d   d i g i t a l   o f f s e t   s i g n a l   from  the  o u t p u t   of  t h e  

AD  c o n v e r t e r .  
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10.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  any  one  o f  
c l a i m s   4  to  7,  f u r t h e r   i n c l u d i n g   d i g i t a l   s u b t r a c t i n g   means  
for  s u b t r a c t i n g   from  the  o u t p u t   of  the  AD  c o n v e r t e r   t h e  

d i g i t a l   o f f s e t   waveform  read  out  of  the  memory  m e a n s .  

11.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  c la im  1 0 ,  
where in   the  d i g i t a l   s u b t r a c t i n g   means  pe r fo rms   the  s u b t r a c t i o n  
of  the  d i g i t a l   no i se   waveform  from  the  o u t p u t   of  the  AD  c o n -  
v e r t e r   as  w e l l .  

12.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  c la im  1 1 ,  

c o m p r i s i n g :  

ana log   d i v i d i n g   means  for  d i v i d i n g   the  l e v e l   of  t h e  

i npu t   ana log   s i g n a l   by  a  g iven   v a l u e ;   t h i r d   DA  c o n v e r t i n g  
means  for  c o n v e r t i n g   the  o u t p u t   of  the  d i g i t a l   s u b t r a c t i n g  
means  i n to   an  ana log   l e v e l ;   a n a l o g   s u b t r a c t i n g   means  f o r  

s u b t r a c t i n g   the  o u t p u t   of  the  t h i r d   DA  c o n v e r t i n g   means  
from  the  input   ana log   s i g n a l ;   s w i t c h   means  s e l e c t i v e l y  

s u p p l y i n g   the  o u t p u t s   of  the  ana log   d i v i d i n g   means  and  t h e  

a n a l o g   s u b t r a c t i n g   means  to  the  ana log   adding  means;  a n d  

combin ing   means  for  combin ing   the  o u t p u t s   of  the  d i g i t a l  

s u b t r a c t i n g   means  r e s p e c t i v e l y   o b t a i n a b l e   when  the  o u t p u t   o f  

the  ana log   d i v i d i n g   means  is  s u p p l i e d   to  the  ana log   a d d i n g  

means  and  when  the  o u t p u t   of  the  ana log   s u b t r a c t i n g   means  i s  

s u p p l i e d   to  the  ana log   add ing   means,  the  combined  o u t p u t s  
be ing   the  ou tpu t   of  the  AD  c o n v e r t i n g   d e v i c e .  

13.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  any  one  o f  

c l a i m s   1  and  3  to  7,  whe re in   the  a m p l i t u d e   of  the  a n a l o g  
random  no i se   is  s e l e c t e d   about   (1/2  to  6)  t imes   t h e  

q u a n t i z a t i o n   s tep   s i z e   A  of  the  AD  c o n v e r t e r .  
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14.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  c l a im  13 ,  
where in   the  l e v e l   v a r i a t i o n   of  the  ana log   o f f s e t   v o l t a g e   i s  

about   (1  to  7)  t imes  the  q u a n t i z a t i o n   s t ep   s i z e   A  of  the  AD 

c o n v e r t e r   . 

15.  The  AD  c o n v e r t i n g   d e v i c e   a c c o r d i n g   to  any  o n e  
of  c l a ims   1  and  3  to  8,  where in   the  l e v e l   v a r i a t i o n   of  t h e  

ana log   o f f s e t   v o l t a g e   is  about   (1  to  7 ) t i m e s   the  q u a n t i z a t i o n  

s t ep   s i z e   A  of  the  AD  c o n v e r t e r .  
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